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(57) ABSTRACT 

A current transformer, includes, a RogoWski coil for detect 
ing an alternating current of a main circuit, and outputting a 

measure of the alternating current as an analog-voltage 

signal, includes, a printed circuit board, a sensor unit and an 
optic transmission path. The printed circuit board With four 
conducting layers, having an opening at a center portion 
Which a conductor penetrates, comprises metal foils, each 
extended in the shape of radiating from a center that is 
approximately the center of the opening, mounted on both 
sides of surface of the printed circuit board and on tWo inner 
conducting layers of the printed circuit board, a ?rst Winding 
formed by electrically connecting metal foils on a ?rst outer 
side of surface of the printed circuit board and metal foils on 
a ?rst inner conducting layer of the printed circuit board 
adjacent to the ?rst outer side of the surfaces of the printed 
circuit board With ?rst plated through holes penetrating the 
printed circuit board in a thickness direction, a second 
Winding formed by electrically connecting metal foils on a 
second outer side of surface of the printed circuit board and 
metal foils on a second inner conducting layer of the printed 
circuit board adjacent to the second outer side of the surface 
of the printed circuit board With second plated through holes 
penetrating the printed circuit board in a thickness direction, 
the ?rst Winding and the second Winding connected as 
mirror images of each other, and connected in series. The 
sensor unit comprises an analog-to-digital converter con 
verting the analog-voltage signal into a digital electric 
signal, and an electric-to-optic converter converting the 
digital electric signal into a digital optical signal. 
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CURRENT TRANSFORMER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2001-330688 ?led on Oct. 29, 2001, the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a current transformer 
Which is used to measure alternating current passing in, for 
example, a circuit of an electric poWer system, and espe 
cially related to its use in a RogoWski coil. 

[0004] 2. Description of the Related Art 

[0005] Generally, a penetrated type current transformer is 
used in many cases for measuring alternating current passing 
in electric poWer distribution equipment and substation main 
circuits equipment and so on. In a conventional penetrated 
type current transformer, a secondary Winding is Wound 
around a toroidal former, that is a core, and a conductor in 
Which a primary current passes penetrates a centered open 
ing of the core. An iron core, or non-ferromagnetic material 
is used as the core of this penetrated type current trans 
former. Among these, a current transformer using a non 
ferromagnetic material is called a air core coil type current 
transformer or a RogoWski coil, Which can acquire excellent 
linearity characteristics Without saturation. 

[0006] FIG. 11 shoWs the structure of a common 
RogoWski coil. The RogoWski coil 1 shoWn in this ?gure is 
constituted by a conductor Winding 2 coiled from point P to 
point Q on all over the periphery of the core 6 made of the 
non-ferromagnetic material, and returning a Wire (return 
circuit line) 3 from point Q to point R in a direction opposite 
to a Winding direction of the Winding 2 along the core 6. The 
return circuit line 3 usually returns betWeen the core 6 and 
the Winding 2. Moreover, a conductor 5 of a main circuit of 
an electric distribution equipment or substation equipment 
penetrates an opening 6a of the core 6. 

[0007] In this situation, voltage is generated proportional 
to amount of time change of the primary current ?oWing in 
the conductor 5 betWeen terminals 4, 4 of the Winding 2 and 
the return circuit line 3. Accordingly, the above-mentioned 
primary current can be measured by integrating this voltage 
and multiplying a constant determined by a form of the coil. 
For an ideal RogoWski coil, the voltage betWeen terminals 4, 
4 is not in?uenced by a gap of centered points of the core 6 
and the conductor 5, and by magnetic ?eld of outside the 
RogoWski coil 1. An ideal RogoWski coil satis?es the 
folloWing conditions: (a) a Winding interval (pitch) of the 
Winding 2 is constant, (b) an area surrounded by the Winding 
2 is equal to an area surrounded by the return circuit line 3, 
(c) cross-sectional area of the core 6 is ?xed over the entire 
circumference and not in?uenced by temperature, and (d) 
the Winding 2 is completely Wound over the entire circum 
ference of the core 6 Without any missing portion. 

[0008] HoWever, When manufacturing the RogoWski coil 
1 as shoWn in FIG. 11, it is technically difficult to satisfy the 
above-mentioned condition (a), that is, to Wind the Winding 
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2 to the core 6 While keeping a constant Winding interval. 
Although a ?xed Winding interval can be maintained by 
preparing slots or projections to the core 6 for ?xing position 
of the Winding 2, a special core and Winding machine is 
necessary for this preparation, and thus increases the price of 
the RogoWski coil Which becomes very expensive. 

[0009] A Japanese Patent Disclosure (koukai) No. 
6-176947, Which is a counterpart of the US. Pat. No. 
5,414,400, discloses a means for solving this problem. FIG. 
12 shoWs a conventional structure of the RogoWski coil 
indicated by this patent disclosure. In the RogoWski coil 1 
shoWn in this ?gure, a metal foil 26 is formed on both sides 
of a printed circuit board 7 having an opening 9 penetrated 
by a conductor 5 at a central part so as to provide straight 
lines radially spreading from the center of the opening 9. 
Moreover, the Winding 2 and the return circuit line 3 is 
constituted so that the radially-arranged metal foils 26 of one 
side surface of the printed circuit board 7 and the metal foils 
of a reverse side surface thereof are electrically connected by 
plated holes Which penetrate the printed circuit board 7. In 
the example shoWn in FIG. 12, the return circuit line 3 is 
formed in the shape of Winding, thus, the output voltage 
betWeen the terminals 4, 4 per unit current and unit fre 
quency becomes large, and sensitivity of the RogoWski coil 
1 improves. In addition, Winding progress direction of the 
Winding 2 is in a clockWise rotation, and that of the return 
circuit line 3 is in a counterclockwise rotation. 

[0010] According to such conventional technology, by 
applying general technique of manufacturing printed circuit 
boards, the RogoWski coil 1 can be cheaply manufactured 
While keeping Winding intervals of the Winding 2 and the 
return circuit line 3 constant. Therefore, it becomes possible 
to realiZe the condition (a) mentioned above to a great 
degree. 
[0011] By the Way, also in the conventional RogoWski coil 
mentioned above, the condition (b) mentioned above, that is, 
the condition of making an area Which the Winding 2 
surrounds and an area Which the return circuit line 3 sur 
rounds equal, cannot be ful?lled completely. This makes it 
easy for the RogoWski coil to be in?uenced by an external 
magnetic ?eld, and this gives rise an error at the time of 
current measurement increases. 

[0012] FIG. 13 is a pattern diagram shoWing a situation 
that magnetic ?ux (I) due to an external magnetic ?eld 
interlinks the Winding 2 of the common RogoWski coil 1 as 
shoWn in FIG. 11. FIG. 14 is a pattern diagram shoWing a 
situation that the same magnetic ?ux (I) due to an external 
magnetic ?eld interlinks the return circuit line 3 of the 
common RogoWski coil 1 as shoWn in FIG. 11. 

[0013] Since the Winding progress direction of the Wind 
ing 2 is reverse of that of the return circuit line 3, the voltage 
generated betWeen the terminals 4, 4 of the RogoWski coil 
1 shoWn in FIG. 11 is equal to difference of the voltage 
generated betWeen the points P and Q shoWn in FIG. 13 and 
the voltage energiZed betWeen the points P and Q shoWn in 
FIG. 14. Assuming that the magnetic ?ux (I) due to the 
external magnetic ?eld is uniform over the Whole surface of 
the RogoWski coil 1, if the area A, designated by diagonal 
hatched lines in FIG. 13, Which the Winding surrounds is not 
equal to the area B, designated by diagonal hatched lines in 
FIG. 14, Which the return circuit line surrounds, a voltage 
due to the exterior magnetic ?eld is generated betWeen the 
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terminals 4, 4. Since this voltage is unrelated to the primary 
current Which should originally be measured, it causes a 
measurement error. 

[0014] Factors that give rise an external magnetic ?eld are 
explained beloW. For example, the external magnetic ?eld is 
generated When a bend exists in the conductor 5 or When a 
current ?oWing conductor 8 exists near the RogoWski coil 1 
as shoWn in FIG. 15, or When the conductor 5 is arranged 
at an angle to the RogoWski coil 1. When applying the 
RogoWski coil 1 to an actual electric poWer distribution 
main circuit equipment or substation main circuit equip 
ment, it is impossible to completely eliminate the above 
mentioned factors. In addition, usually, since an actual 
magnetic ?ux (I) due to the external magnetic ?eld is not 
uniform, the in?uence becomes still more complicated. 

[0015] It is possible to reduce an error by completely 
making the area AWhich the Winding surrounds and the area 
B Which the return circuit line 3 surrounds equal, more 
preferably, by arranging the form of the Winding 2 and the 
form of the return circuit line 3 to be completely identical. 
HoWever, in the common RogoWski coil 1 shoWn in FIG. 
11, it is dif?cult to manufacture While controlling the area the 
return circuit line 3 surrounds being constant, thus it is very 
dif?cult to avoid the in?uence of an external magnetic ?eld. 
On the other hand, though the RogoWski coil shoWn in FIG. 
12 reduces the in?uence of an external magnetic ?eld 
considerably, there is still the in?uence of the external 
magnetic ?eld because of the reason that the area the return 
circuit line 3 is smaller than the area the Winding 2 sur 
rounds. 

[0016] NoW, although the in?uence of the external mag 
netic ?eld to the RogoWski coil has been explained so far, 
another problem is explained here. That is, although it has 
been stated that the in?uence of the external magnetic ?eld 
can be considerably reduced by adopting the RogoWski coil 
as shoWn in FIG. 12, there is still a problem that the 
common RogoWski coil shoWn in FIG. 11 cannot be 
replaced With the RogoWski coil shoWn in FIG. 12 easily. 
The reason Why it cannot be replaced easily is that, in the 
RogoWski coil shoWn in FIG. 12, a scale of the secondary 
output voltage of the RogoWski coil in terms of the primary 
current (the scale corresponds to a current transformation 
ratio in case of an iron core type current transformer) cannot 
be raised to a level of that of the common RogoWski coil 
shoWn in FIG. 11. 

[0017] As knoWn Well, the secondary output voltage of a 
RogoWski coil is proportional to the product of a number of 
turns of the coil and a cross-sectional area of one turn coil. 
As for the common RogoWski coil shoWn in FIG. 11, the 
secondary output voltage in terms of the primary rated 
current is usually several tens of volts per kilo ampere. In the 
RogoWski coil shoWn in FIG. 11, since cross section of one 
turn coil can be decided arbitrarily as long as restrictions of 
an attachment space alloW, and since the number of turns of 
the coil can be adjusted so that required secondary output 
voltage may be obtained, by means such as double Winding 
or triple Winding, several tens of volts per kilo ampere can 
be obtained easily as the secondary output voltage. If the 
several tens of volts per kilo ampere can be obtained as the 
secondary output voltage from the RogoWski coil, an analog 
voltage signal can be transmitted Without being in?uenced 
by noises from the poWer distribution main circuit equip 
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ment or substation main circuit equipment in the ?eld Where 
the RogoWski coil is installed to the main control building of 
electric poWer installation Where a protection units and 
control units are affected, that is, Without degradation of a 
signal Which effects the protection units and the control 
units. 

[0018] HoWever, for the RogoWski coil shoWn in FIG. 12, 
there is a physical limit in a number of turns of a coil and a 
siZe of cross section of one turn coil in the Winding, because 
of the structural reason that the Winding 2 is composed of the 
metal foils 26 formed on the printed circuit board 7. 
Although depended on the siZe of the printed circuit board 
and the Width of the metal foil, a number of turns of a coil 
is limited to at most one thousand, and the cross section of 
one turn coil in the Winding is restricted due to the fact that 
the manufacturing limit of thickness of the printed circuit 
board is at most 5 to 6 millimeters. Thus, the secondary 
output voltage of the RogoWski coil shoWn in FIG. 12 is 
limited at most 100 mV/kA. Though it is assumed that ten 
sheets of the RogoWski coils are connected in series, the 
secondary output voltage is about 1 V/kA, and, from a 
vieWpoint on Withstanding transmission noise, it is difficult 
to transmit an accurate analog-voltage signal to a main 
control building of an electric poWer installation. 

SUMMARY OF THE INVENTION 

[0019] Accordingly, it is an object of embodiments of this 
invention to solve problems of the above-mentioned con 
ventional technology, and to provide a current transformer 
using a RogoWski coil that prevents the in?uence of an 
exterior magnetic ?eld to current measurement, even if an 
exterior magnetic ?eld exists and penetrates an opening at a 
center portion of a core, and thus, enables to current mea 
surement With high accuracy. 

[0020] Other and further objects of this invention Will 
become apparent upon an understanding of the illustrative 
embodiments to be described herein or Will be indicated in 
the appended claims While various advantages not referred 
to herein Will be appeared to one skilled in the art upon 
employment of the invention in practice. 

[0021] According to one aspect of the invention, there is 
provided a current transformer, comprising, (a) a RogoWski 
coil Which detects an alternating current of a main circuit of 
poWer distribution equipment or substation main circuits 
equipment, and outputs a measure of the alternating current 
as an analog-voltage signal, the RogoWski coil comprising, 
a printed circuit board of multilayer type comprising four 
conducting layers of interconnections, having an opening at 
a center portion Which a conductor penetrates, a plurality of 
metal foils, each extended in the shape of radiating from a 
center that is approximately the center of the opening, 
mounted on both sides of surface of the printed circuit board 
and on tWo inner conducting layers of the printed circuit 
board, a ?rst Winding formed by electrically connecting 
metal foils on a ?rst outer side of surface of the printed 
circuit board and metal foils on a ?rst inner conducting layer 
of the printed circuit board adjacent to the ?rst outer side of 
the surfaces of the printed circuit board With ?rst plated 
through holes penetrating the printed circuit board in a 
thickness direction, a second Winding formed by electrically 
connecting metal foils on a second outer side of surface of 
the printed circuit board and metal foils on a second inner 



US 2003/0090356 A1 

conducting layer of the printed circuit board adjacent to the 
second outer side of the surface of the printed circuit board 
With second plated through holes penetrating the printed 
circuit board in a thickness direction, and the ?rst Winding 
and the second Winding connected as mirror images of each 
other, and connected in series, (b) a sensor unit, comprising, 
an analog-to-digital converter Which converts the analog 
voltage signal into a digital electric signal, and an electric 
to-optic converter Which converts the digital electric signal 
into a digital optical signal, and (c) an optic transmission 
means Which transmits the digital optical signal to upstream 
system. 
[0022] According to another aspect of the invention, there 
is provided a current transformer, comprising, (a) a 
RogoWski coil Which detects an alternating current of a main 
circuit of poWer distribution equipment or substation main 
circuits equipment, and outputs a measure of the alternating 
current as an analog-voltage signal, the RogoWski coil 
comprising, a printed circuit board assembly, having an 
opening at a center portion Which a conductor penetrates, 
including a plurality of stacked layers each having an 
opening at a center portion Which a conductor penetrates, 
having at least three sheets of ?rst layers formed of core 
material, and at least tWo sheets of second layers formed of 
prepreg material each arranged betWeen respective tWo of 
the ?rst layers, a plurality of ?rst metal foils and a plurality 
of second metal foils, each eXtended in the shape of radiating 
from a center that is approximately the center of the opening, 
mounted on an outer side and an inner side of a ?rst outer 

layer formed of the core material, respectively, a ?rst Wind 
ing formed by electrically connecting the ?rst metal foils 
and the second metal foils With ?rst plated through holes 
penetrating the ?rst outer layer in a thickness direction, a 
plurality of third metal foils and a plurality of fourth metal 
foils, each eXtended in the shape of radiating from a center 
that is approximately the center of the opening, mounted on 
an inner side and an outer side of a second outer layer 
formed of the core material, respectively, a second Winding 
formed by electrically connecting the third metal foils and 
the fourth metal foils With second plated through holes 
penetrating the second outer layer in a thickness direction, 
the second Winding formed as a mirror image of the ?rst 
Winding, one of the second metal foils and one of the third 
metal foils being electrically connected With a third plated 
through hole penetrating the plurality of stacked layers of 
the printed circuit board in a thickness direction, the ?rst 
metal foils and the fourth metal foils being electrically 
disconnected With the third plated through hole, and thereby, 
the ?rst Winding and the second Winding being electrically 
connected in series, (b) a sensor unit, comprising, an analog 
to-digital converter Which converts the analog-voltage sig 
nal into a digital electric signal, and an electric-to-optic 
converter Which converts the digital electric signal into a 
digital optical signal, and (c) an optic transmission means 
Which transmits the digital optical signal to upstream sys 
tem. 

[0023] According to still another aspect, there is provided 
a current transformer, comprising, (a) a RogoWski coil 
Which detects an alternating current of a main circuit of 
poWer distribution equipment or substation main circuits 
equipment, and outputs a measure of the alternating current 
as an analog-voltage signal, the RogoWski coil comprising, 
a printed board of multilayer type comprising three con 
ducting layers of interconnections, having an opening at a 
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center portion Which a conductor penetrates, a plurality of 
?rst metal foils each eXtended in the shape of radiating from 
a center that is approximately the center of the opening, 
mounted on a ?rst outer side of surface of the printed circuit 
board, a plurality of second metal foils each extended in the 
shape of radiating from a center that is approximately the 
center of the opening, mounted on a second outer side of 
surface of the printed circuit board, a Winding formed by 
electrically connecting the ?rst metal foils and the second 
metal foils With plated through holes penetrating the printed 
circuit boards in a thickness direction, a return circuit line 
formed by a circular metal foil With a center that is approxi 
mately the center of the opening, mounted on an inner 
conductive layer of the printed circuit boards, and the 
Winding and the return circuit line being connected in series, 
(b) a sensor unit, comprising, an analog-to-digital converter 
Which converts the analog-voltage signal into a digital 
electric signal, and an electric-to-optic converter Which 
converts the digital electric signal into a digital optical 
signal, and (c) an optic transmission means Which transmits 
the digital optical signal to upstream system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings Wherein: 

[0025] FIG. 1 is a block diagram shoWing a current 
transformer in accordance With a ?rst embodiment of this 
invention; 

[0026] FIG. 2 is an outline perspective vieW shoWing a 
structure of a RogoWski coil of a current transformer in a 
?rst embodiment of this invention; 

[0027] FIG. 3 is an outline front vieW shoWing a structure 
of a printed circuit board of a current transformer in a ?rst 
embodiment of this invention; 

[0028] FIG. 4 is an outline sectional vieW that explains an 
eXample of layer structure of a printed circuit board in 
accordance With a second embodiment of this invention; 

[0029] FIG. 5A is a front vieW shoWing a structure of a 
printed circuit board in accordance With a second embodi 
ment of this invention; 

[0030] FIG. 5B is a front vieW enlarging a portion sur 
rounded by a dotted line in FIG. 5A; 

[0031] FIG. 6 is an outline perspective vieW shoWing a 
structure of a RogoWski coil of a current transformer in a 
third embodiment of this invention; 

[0032] FIG. 7 is an outlined front vieW shoWing a struc 
ture of a RogoWski coil of a current transformer in a third 
embodiment of this invention; 

[0033] FIG. 8 is an outlined perspective vieW shoWing a 
structure of a RogoWski coil of a current transformer in a 
fourth embodiment of this invention; 

[0034] FIG. 9 is a block diagram shoWing a current 
transformer in accordance With a ?fth embodiment of this 

invention; 
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[0035] FIG. 10 is a block diagram showing an example of 
a system that transmits a plural measure of alternating 
current per one bay as one merged transmission signal in 
accordance With a ?fth embodiment of this invention; 

[0036] FIG. 11 is a front vieW shoWing a structure of a 
conventional common RogoWski coil; 

[0037] FIG. 12 is a front vieW shoWing a structure 
example of another conventional RogoWski coil; 

[0038] FIG. 13 is a pattern diagram that explains a state 
Where an external magnetic ?eld interlinks to a Winding in 
the RogoWski coil shoWn in FIG. 11; 

[0039] FIG. 14 is a pattern diagram that explains a state 
Where an external magnetic ?eld interlinks to a return circuit 
line in the RogoWski coil shoWn in FIG. 11; 

[0040] FIG. 15 is a pattern diagram that explains an 
example of factors that generate an external magnetic ?eld; 
and 

[0041] FIG. 16 is a pattern diagram for explaining another 
example of factors that generate an external magnetic ?eld. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] Referring noW to the draWings, Wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several vieWs, an embodiment of this inven 
tion Will be described beloW. 

[0043] (First Embodiment) 
[0044] FIG. 1 shoWs a block diagram of a current trans 
former in accordance With a ?rst embodiment. This current 
transformer shoWn in this ?gure has a RogoWski coil 1 
attached With a penetrating conductor 5, a sensor unit (SU) 
20 arranged in the periphery of the RogoWski coil 1, and an 
optic transmission means 30 constituting an optic transmis 
sion path. A tWisted-pair electric Wire 31 connects the 
RogoWski coil 1 and the sensor unit 20. 

[0045] The sensor unit 20 has an integrator 21 Which 
carries out analog signal processing of an analog-voltage 
signal input from the RogoWski coil 1 through the tWisted 
pair electric Wire 31, a loW-pass ?lter (LPF) 22 Which cuts 
off higher harmonics in order to reduce overlapping alias 
error before analog-to-digital conversion, an analog-to-digi 
tal converter (A/D converter) 23 Which converts an analog 
voltage signal into a digital electric signal, a programmable 
logic device (PLD) 24 Which processes the digital electric 
signal, a central processing unit (CPU) 25, an electric-to 
optic converter (E/O converter) 26 Which converts from the 
digital electric signal into a digital optical signal and outputs 
the digital optical signal, and a poWer supply circuit 27. 

[0046] The poWer supply circuit 27 provides a voltage 
necessary for processing of the sensor unit 20 such as DC :5 
V or DC 13.3 V from a voltage supplied from, for example, 
a common poWer source (not illustrated) in an electric poWer 
installation such as DC 110 V, DC 48 V or DC 220 V (Which 
is generally suited to a standard poWer source of an electric 
poWer installation). Moreover, the sensor unit 20 may have 
a backup poWer supply such as a battery (not illustrated). 

[0047] In addition, although the RogoWski coil 1 con 
nected to the sensor unit 20 is illustrated as one in this ?gure, 
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the input is not necessarily just one channel. That is, for 
example, for a three phase encapsulated GIS (gas insulation 
sWitch), three phases, i.e., phase U, phase V and phase W, of 
outputs of the RogoWski coils may be input to one sensor 
unit. In this case, the sensor unit 20 is constituted so that a 
number of analog input circuits having the integrator 21 and 
the LPF 22 corresponds to a number of input channels, and 
one A/D converter 23 performs analog-to-digital conversion 
With an analog multiplexer (not illustrated) Which sWitches 
one of the multiple analog inputs to common output in turn 
by turn. The PLD 24 and the doWnstream structure are the 
same as in the case of one channel input. In addition, each 
output terminal of the RogoWski coils 1 and each input 
terminal of the sensor unit 20 With multi-channel compo 
nents are connected one-on-one by a tWisted-pair electric 
Wire 31, respectively. 

[0048] The optic transmission means 30 transmits a digital 
optical signal from the sensor unit 20 into upstream system 
such as a protection control unit. Although not illustrated, an 
optical transmission channel may be composed by either 
Way of a point-to-point transmission channel, or connected 
through local area netWork 

[0049] Next, a structure of the RogoWski coil in this ?rst 
embodiment is explained With reference to FIG. 2. FIG. 2 
is a perspective vieW shoWing the RogoWski coil of this 
embodiment. In this ?gure, the RogoWski coil 1 has a printed 
circuit board 7 of multiplayer type With four conducting 
layers, having an opening 9 Which is penetrated by a 
conductor in a center portion. Front face metal foils 2a and 
reverse face metal foils 2a‘ are mounted on one side 11a of 

an outer surface of this printed circuit board 7 (Which is 
called a printed circuit board front face 11a) and a reverse 
side 11b thereof (Which is called a printed circuit board 
reverse face 11b), respectively, and internal-layer metal foils 
2b and 2b‘ are mounted on conducting internal layers 12a, 
12b, inside the printed circuit board, respectively, Which 
trisect the printed circuit board 7 in a thickness direction. In 
FIG. 2, the reverse face metal foils 2a‘ and the internal-layer 
metal foils 2b‘ are abbreviated for simpli?cation. These four 
layers of the metal foils 2a, 2a‘, 2b and 2b‘ are formed in a 
plurality of straight lines each extended in the shape of 
radiating from a center that is approximately the center of 
the opening 9, respectively. 

[0050] The front face metal foils 2a on the printed circuit 
board front face 11a and the internal-layer metal foils 2b on 
the conducting internal layer 12a adjacent to the front face 
metal foils 2a are electrically connected With plated pen 
etration holes 2c penetrating the printed circuit board 7. The 
reverse face metal foils 2a‘ (not illustrated) on the printed 
circuit board reverse face 11b and another internal-layer 
metal foils 2b‘ (not illustrated) on the conducting internal 
layer 12b adjacent to the reverse face metal foils 2a‘ are also 
electrically connected With plated penetration holes 2c‘ (not 
illustrated) penetrating the printed circuit board 7. Thereby, 
tWo Windings 2 and 2‘ (not illustrated) are formed on the 
printed circuit board 7 as a pair of enantiomeric isomers of 
each other (i.e., they are mirror images of each other). 

[0051] Furthermore, ends of the tWo Windings 2 and 2‘ of 
the printed circuit board front face 11a side and the printed 
circuit board reverse face 11b side, are extracted as terminals 
4a (The terminal 4a of the printed circuit board reverse face 
11b side is not illustrated.). Ends of the of the tWo Windings 
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2, 2‘ of the conducting internal layer 12a side and the 
conducting internal layer 12b side, are extracted as terminals 
4b (The terminal 4b of the metal foil of the conducting 
internal layer 12b side is not illustrated), and the tWo 
Windings 2, 2‘ are connected in series betWeen tWo connec 
tion terminals 4b, 4b. 

[0052] That is, a part of the Winding 2 arranged betWeen 
the printed circuit board front face 11a and the conducting 
internal layer 12a corresponds to the conventional Winding 
2 shoWn in FIG. 11, and a part of the Winding 2‘ (not 
illustrated) arranged betWeen the printed circuit board 
reverse face 11b and the conducting internal layer 12b 
corresponds to the conventional return circuit line 3 shoWn 
in FIG. 11. 

[0053] FIG. 3 shoWs an outline of the printed circuit board 
7 vieWed from the printed circuit board front face 11a side. 
In FIG. 3, a solid line shoWs the front face metal foil 2a 
mounted on the printed circuit board front face 11a and a 
dashed line shoWs conducting internal layer metal foil 2b 
mounted on the conducted internal layer 12a. The front face 
metal foils 2a on the printed circuit board front face 11a and 
the conducting internal layer metal foil 2b on the conducting 
internal layer 12a are formed in a plurality of straight lines 
each extended in the shape of radiating from a center that is 
approximately the center of the opening 9, respectively. In 
addition, although not illustrated, the reverse face metal foils 
2a‘ on the printed circuit board reverse face 11b and the 
conducting internal layer metal foils 2b‘ on the conducting 
internal layer 12b are formed in a plurality of straight lines 
each extended in the shape of radiating from a center that is 
approximately the center of the opening 9, respectively. In 
addition, they are mirror images of the front face metal foils 
2a on the printed circuit board front face 11a and the 
conducting internal layer metal foils 2b on the conducting 
internal layer 12a, respectively. 
[0054] According to this current transformer of the ?rst 
embodiment, the folloWing actions and effects can be pro 
vided. The output voltage of the RogoWski coil 1 is an 
analog-voltage signal proportional to a differentiation value 
of an alternating current of a main circuit ?oWing in the 
conductor 5, and the output voltage is input into the sensor 
unit 20 through the tWisted-pair electric Wire 31. The analog 
voltage signal input into the sensor unit 20 is integrated by 
the integrator 21 to provide an analog electric signal pro 
portional to the alternating current of the main circuit. Next, 
the loW-pass ?lter 21 reduces higher harmonics of the signal, 
Which causes a overlapping alias error, and thereafter the 
signal is converted into a digital electric signal by the A/D 
converter 23. 

[0055] PLD 24 and CPU 25 process the digital electric 
signal. That is, PLD 24 processes to generate a timing signal 
(synchroniZed signal) of the A/D converter 23, to generate a 
control signal, and exchanges data With CPU 25, and so on. 
CPU 25 changes a digital electric signal into a transmission 
format of, for example, using the Manchester encoding. In 
the present circumstances, the transmission format can be 
added With a cyclic redundancy check (CRC) code or a 
reversal dual redundant code, etc. for improving transmis 
sion reliability. The digital electric signal processed by PLD 
24 and CPU 25 is changed into a digital optical signal by the 
E/O converter 26, and thereafter transmitted to upstream 
system, such as a protection unit or a control unit, through 
the optic transmission means 30. 
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[0056] Since the RogoWski coil in this embodiment com 
prises printed circuit boards, the secondary output voltage is 
about 100 mA/kV, Which is as minute as that of the con 
ventional RogoWski coil shoWn in FIG. 12. HoWever, 
according to this embodiment, since the sensor unit 20 for 
converting the secondary output voltage into the digital 
optical signal is arranged so close to the printed circuit board 
that the effect of the external noise can be disregarded, the 
transmission distance as an analog electric signal is suf? 
ciently short, that is, preferably at most one meter, and thus 
the problem of degradation of signal quality due to the 
in?uence of the external noise can be avoided. Especially, 
since the RogoWski coil 1 and the sensor unit 20 are 
connected by the tWisted-pair electric Wire 31, the in?uence 
of electromagnetic induction by the external magnetic ?eld 
to a minute analog-voltage being transmitted from the 
RogoWski coil 1 to the sensor unit 20, can be reduced. 

[0057] Since the digital optical signal is transmitted 
betWeen the sensor unit 20 and upstream system such as a 
protection unit or a control unit of an electric poWer instal 
lation main control building, then there is no signal degra 
dation by the in?uence of the noise even in long-distance 
transmission, therefore, a high quality measure of alternating 
current can be provided to the protection unit or the control 
unit and so on. 

[0058] In addition, CPU 25 may apply a digital ?lter to the 
digital electric signal Which expresses the measure of alter 
nating current of the main circuit. And softWare running on 
the CPU 25 may be provided so that variation of the 
RogoWski coils 1 and analog circuits of the sensor unit 20 
such as the integrator, loW-pass ?lter circuits, can be com 
pensated in terms of sensitivity compensation and/or phase 
compensation. Moreover, effective values of alternating 
current of the main circuit have been calculated in the 
upstream system such as BCU (bay control unit) conven 
tionally, hoWever, in this embodiment, CPU 25 may calcu 
late such effective values and transmit the result to the 
upstream system. 

[0059] Moreover, CPU 25 may perform temperature com 
pensation by arranging a temperature sensor (not illustrated) 
in the sensor unit 20. Since the sensor unit 20 is at the 
periphery of the RogoWski coil 1 in this embodiment, the 
temperature measured in the sensor unit 20 can be assumed 
to equal to an ambient air temperature of the RogoWski coil 
1, and the temperature compensation can be accurately 
performed. 

[0060] According to the above-mentioned current trans 
former With the RogoWski coil in the ?rst embodiment of 
this invention, in the condition shoWn in FIGS. 15 and 16, 
Where conductor 5 has a bent portion, or the conductor 8 
exists outside the RogoWski coil 1, or the conductor 5 is 
inclined to the RogoWski coil, When an external magnetic 
?eld in a direction penetrating the opening 9 of the center 
portion of the printed circuit board 7 exists due to the 
arrangement of the RogoWski coil 1, the magnetic ?ux (I) 
interlinking to one Winding is common to that interlinking to 
another Winding as a mirror image of the respective one 
Winding. Accordingly, tWo voltages generated in tWo Wind 
ings due to this magnetic ?ux (I), respectively, has the same 
measure and, the polarity of one voltage is reverse of that of 
another, and thus tWo voltage can be completely offset. 


















